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W/Z Sample: Inclusive High PT Leptons

Tracker

• Central leptons

– e: |η| < 1
– µ: |η| < 1
– Tracking and good particle ID
– Required: W Mass, σW , σZ , Single Top

• Plug electrons: 1.1 < |η| < 2.8

– Tracking: Silicon + plug shower max



W -Boson Mass

1. No preliminary results yet – expect to have
them in several months

2. Status

• All pieces of the analysis are in place
– ResBos + WGRAD
– Fast detector simulation
– Mass fitter: MT , PT (`), ET/

• Recently completed a full first pass
•W → µν: MT



• γ∗/Z → µµ: Mµµ

• The 2 fb−1 expectation: δMW ' 40 MeV



W -Boson Decay Width (Indirect)

1. Method

•Measure the Drell-Yan cross sections
σ · Br(pp̄→ W → `ν)
σ · Br(pp̄→ Z → ` ¯̀)

using high PT electrons and muons

• From the measured W–to–Z ratio,

R =
σ · Br(pp̄→ W → `ν)

σ · Br(pp̄→ Z → ` ¯̀)

=
σW
σZ

×
ΓZ

ΓZ(` ¯̀)
×

ΓW (`ν)

ΓW

derive Br(W → `ν) using the NNLO

σW/σZ and LEP’s Br(Z → ` ¯̀)

• Systematics cancel or are reduced in ratios

• Using the SM prediction for ΓW (`ν),

ΓW =
ΓW (`ν)

Br(W → `ν)



Note: σγ∗/Z over 66 < M`` < 116 GeV is measured



2. Acceptance calculations

•We tune Pythia 6.203 to Run–I dσ/dy and
dσ/dPT measurements

•We use Pythia plus the full CDF detector sim-
ulation to get Ae,µ(y): the e, µ acceptance in
the boson rapidity ⇒ very slow

•We convolute a NNLO dσ/dy (Anastasiou,
Dixon, et al.) with Ae,µ(y) for the total ac-
ceptance:

Āe,µ = σ−1 ∫ dσ

dy
Ae,µ(y)dy

⇒ very fast – ideal for PDF error analyses



3. The R ratios

R(µ) 11.12± 0.27(stat)± 0.18(syst)
R(e) 10.82± 0.18(stat)± 0.16(syst)

R(µ + e) 10.92± 0.15(stat)± 0.14(syst)
NNLO 10.69± 0.08: Stirling, van Veerven

Biggest systematic: PDFs–parton distribution functions

4. We extended the µ channel analysis to 194 pb−1

σW = 2786± 12(stat)+65
−55(syst)± 166(lum) pb

σγ∗/Z = 253.1± 4.2(stat)+8.3
−6.4(syst)± 15.2(lum) pb

R = 11.02± 0.18(stat)+0.17
−0.14(syst)

and are working on the e channel



5. Extracted results: 72 pb−1

Quantity CDF II World Avg

Br(W → `ν) 0.1089± 0.0022 0.1068± 0.0012
ΓW MeV 2078.8± 41.4 2118± 42
ΓW/ΓZ 0.833± 0.017 0.849± 0.017

gW (µ)/gW (e) 0.998± 0.012 0.993± 0.013

(%)

Br(W→lν)

preliminary

preliminary

Standard Model

CDF Ia(e)
D0 Ia+b(e)

CDF II(e)
CDF II(µ)

CDF II combined

D0 II(e)

World Average (RPP 2002)
(includes Run I results)

(GeV)

Γ(W)

preliminary

(from R)

(from R)

Standard Model

UA1(e+µ)
UA2(e)

CDF Ia(e)
D0 Ia+b(e)

CDF II(e)
CDF II(µ)

CDF II combined

World Average (RPP 2002)
(includes Run I results)



W± Production Asymmetry

1.W -boson production at the Tevatron

• Parton level: u(p) + d̄(p̄)→ W+

• Since x̄u > x̄d
– W+: rapidity skewed in p direction

– W−: rapidity skewed in p̄ direction

• The W± rapidity (y) asymmetry

AW (y) = dσ/dy(W+)−dσ/dy(W−)
dσ/dy(W+)+dσ/dy(W−)

probes the PDF u(x)/d(x) ratio

• It could reduce PDF systematics for ΓW

2. From W → eν decays, we measure the e±

asymmetry

A(η) = dσ/dη(e+)−dσ/dη(e−)
dσ/dη(e+)+dσ/dη(e−)

using tracked, high ET e’s with |η| < 2.5

• It is still sensitive to AW (y)

• Is is a ratio: systematics cancel (eg, lum)



3. A(|η|): 25 < Ee
T < 35 GeV

|η|    
0 0.5 1 1.5 2 2.5

C
o

rr
ec

te
d

 A
sy

m
m

et
ry

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3
-1CDF-II Preliminary, 170 pb  

25 < E   < 35 GeV e

T

RESBOS CTEQ6.1M
(F. Landry, R. Brock, P.M. Nadolsky, C.P. Yuan,

Phys.Rev.D67:073016,2003)
40 extreme pdfsets

4. A(|η|): 35 < Ee
T < 45 GeV
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Top Mass

1. Top mass goal: δMt ' 3 GeV

2. Event selection: “Lepton + Jets”

•W selection

– Single isolated e, µ: ET (PT ) > 20 GeV

– ET/ > 20 GeV

• Jets: ET > 15 GeV, |η| < 2

• b-tag jets: displaced vertex identified in sili-
con, usage depends on analysis



3. CDF Top mass methods

• TM: Template method (Run I method)
– Kinematic fitter–reconstruct top mass
– Kinematic constraints
– Use best of 12 (4 if 2 b-tags) combinations:

b, b̄, q, q̄′, νz1, νz2
– 1-dimensional templates–functions of Mt

•MTM: Multivariate template method
– Refined kinematic fitter with jet energy scale
optimization

– Kinematic constraints
– Use all 6 (2 if 2 b-tags) combinations:

.Pick νz1 or νz2 with smallest |Mt −Mt̄|

.Weight according to permutation probability
(∆χ2 between permutations)
.Weighting improves Mt resolution

– Multidimensional non-parametric templates

• DLM: Dynamical likelihood method
– Matrix element method

.Assumes Standard Model (SM)

.Parton likelihood: from SM

– Use all 12 (4 if 2 b-tags) combinations
– Transfer functions: observables → partons



4. Summer 2004 results

)
2

 Top Mass (GeV/c
160 165 170 175 180 185 190 195

1

2

3

4

5

6

7

8
CDF Run 2 Preliminary

Run 1 World Average  3.3
 3.3±  2.7

 2.7±178.0 (Run I only)

Run 1 D0 Lepton+Jets  3.9
 3.9±  3.6

 3.6±180.1 (Run I only)

Run 1 CDF Lepton+Jets  5.3
 5.3±  5.1

 5.1±176.1 (Run I only)

Lepton+Jets: DLM  6.2
 6.2±  5.0

 4.5±177.8 
)

-1
(L= 162pb

Lepton+Jets: Multivariate  6.8
 6.8±  6.3

 6.4±179.6 )
-1

(L= 162pb

 1 b-tags≥ recoLepton+Jets: M  6.5
 6.5±  7.7

 7.1±174.9 )
-1

(L= 162pb

 0 b-tagsrecoLepton+Jets: M  8.4
 8.4±  9.5

10.5±179.1 )
-1

(L= 193pb

Dilepton  6.9
 6.9± 16.0

17.2±176.5 )
-1

(L= 193pb



5. Summer 2004 event counts

Method Events
TM Dileptons 13
TM = 0 b-tag 39
TM ≥ 1 b-tag 28
MTM ≥ 1 b-tag 33
DLM ≥ 1 b-tag 22

6. DLM events and background estimates

No. of events
W+light flavor 1.2± 0.37

Wbb 0.7± 0.29
Wcc 0.3± 0.12
Wc 0.2± 0.12

Single top 0.17± 0.03
WW 0.08± 0.05
QCD 1.6± 0.38

Total Bkg 4.2± 0.71

tt̄: 6.7pb 20.9
Observed 22



7. DLM systematic error sources

Source δMt GeV
Jet Energy Scale 5.3

ISR 0.5
FSR 0.5

PDFs (parton) 2.0
Generator 0.6

Spin correlation 0.4
NLO effect 0.4

Transfer function 2.0
Bkg fraction (±5%) 0.5

Bkg modeling 0.5
MC modeling 0.6

Total 6.2

Jet Energy Scale: 5.3 GeV !?

1) Central Jet Energy Scale
2) Relative Corrections vs η to Central
3) Jet Energy nonlinearity
4) Out of cone

• Big improvements to 1, 2 are upcoming
•Working on upgrading 3, 4 (from Run I)



Single Top

1. Single top production: σt,t̄

q
q

W
t

b Vtb

q

q

W
t

bVtb
b

g

W

t

Vtb

• Electroweak production
•Measuring σt,t̄ : direct extraction of |Vtb|

2

• Large backgrounds: Lepton + 2–jet topology
• Small cross section

Channel NLO σt,t̄
s–channel 0.88± 0.11 pb
t–channel 1.98± 0.26 pb

B.W. Harris et al. PRD 66, 054024
Z.Sullivan hep-ph/0408049

2. Analysis overview

• Event selection
– Similar to top mass Lepton + Jets
– Exactly 1 lepton (no dileptons)
– Exactly 2 jets: ET > 15, |η| < 2.8
– ≥ 1 b-tagged jet



• Topological cuts to enhance S/B
– 140 < M`νb < 210 GeV
– Leading jet ET > 30 GeV (t–channel)

• Search strategy
– Combined s,t–channel search:
Fit HT : scalar sum of ET/

– Separate s,t–channel search
Fit Q(Lepton) · η(b Jet)
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3. No observation yet of single top: L = 162 pb−1
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4. Upper limits

Run II Run I
95% CL limits 95% CL limits

Combined 17.8 pb 14 pb
s–channel 13.6 pb 18 pb
t–channel 10.1 pb 13 pb

Improvements:

• Better Monte Carlo: MadEvent → Pythia
• Full Bayesian treatment of systematic errors
in likelihood function



Summary

•W -Boson Mass: stayed tuned

•W -Boson Decay Width (Indirect)

– σZ , σW , ΓW : consistent with SM
– Improvements: must lower systematics (PDFs)

•W± Production Asymmetry

– Provides new constraints on PDFs
– Most pronounced at high ET and η

• Top Mass

– Already at our Run I precision level
– Improvements are coming

• Single Top Production

– No observation yet with 162 pb−1

– Limits are improved over CDF Run I
– Poised and ready


